Background: A number of case-control studies were conducted to investigate the association of apolipoprotein E (Apo E) polymorphisms with primary open angle glaucoma (POAG). But the results remain controversial. This meta-analysis aims to comprehensively evaluate the relationship between a common e2/e3/e4 polymorphism in Apo E gene on the risk of POAG.
Introduction
Glaucoma is a leading cause of irreversible blindness, estimated to affect 79.6 million people by 2020, of which over 8 million will suffer from bilateral blindness [1] . Primary open-angle glaucoma (POAG), clinically classified into high tension glaucoma (HTG) and normal tension glaucoma (NTG), is the most prevalent form of glaucoma in most populations, and affects 70 million individuals worldwide [2] .
POAG is considered to be caused by multiple genetic and environmental factors, and interactions among these factors [2, 3] . Three causative genes, namely optineurin (OPTN), myocilin (MYOC), and WDR36, have been identified thus far, but these account for fewer than 10% of patients with sporadic, adult-onset POAG [2] . Quite a number of POAG susceptibility genes have been identified. One of the good potential candidate susceptibility gene had been studied is apolipoprotein E (Apo E) [4] .
Apo E is the principal apolipoprotein within the central nervous system and polymorphic variants of Apo E have been associated with a number of neurodegenerative diseases, including Alzheimer's disease [5, 6] . It is a ligand for the low density lipoprotein family of receptors and plays a pivotal role in cholesterol metabolism. Apo E has three common isoforms, e2, e3, and e4, respectively, at a single locus in chromosomal region 19q13.2. These alleles define six Apo E phenotypes: e2/e2, e2/e3, e2/e4, e3/e3, e3/e4, and e4/e4. Apo E e3/e3 is the most predominant genotype and e3 is the most common allele in majority of populations. Individuals with one e4 allele gene are three-to fourtimes more likely to develop AD than those without an e4 allele gene [6] . The neuronal injuries associated with Alzheimer disease have several similarities with the optic nerve changes often seen with POAG [7] . Thus, the Apo E gene appears to be a potential genetic marker for POAG.
To date, many case-control studies have been carried out to investigate the role of the Apo E gene polymorphism in the development of POAG, but these have produced conflicting or inconclusive results. Some of the studies showed an association between certain types of Apo E alleles and POAG, whereas others found no association. In a study by Junemann et al [8] , they found a significant association between the level of IOP and the Apo E e2 allele, however, Mabuchi et al [9] and Yuan et al [10] found a reduction in POAG risk in people with e2 allele in a Japanese population and Chinese population, respective. Vickers et al [11] , Al-Dabbagh et al [12] and Yuan et al [10] reported that the Apo E e4 gene is associated with elevated risk of POAG or NTG. On the contrary, Lam and his colleagues [13] reported that the Apo E e4 gene confers a protective effect against NTG. Their findings, however, could not be replicated in other researchers [14, 15, 16, 17, 18, 19, 20] . As a result, the role of Apo E in POAG remains to be established.
To date, no meta-analysis has been conducted to evaluate the association of the polymorphisms of Apo E with POAG. Hence, we performed a meta-analysis of all eligible studies to derive a more precise estimation of the association, to help us better understand its possible influence on POAG.
Methods
This meta-analysis was performed according to a predetermined protocol described in the following paragraph. MOOSE guidelines were followed at all stages of the process [21] .
Literature Search
The Pubmed, Embase, ISI Wed of Knowledge, Cochrane Library and Chinese databases such as the China National Knowledge Infrastructure (CNKI) and Wanfang were searched (up to April 1, 2013) . The Medical Subject Terms (MeSH), keywords and free text words used for this research were apolipoprotein E or Apo E, polymorphism (s) or allele (s) variation or genotype (s) and glaucoma or intraocular hypertension. Hand-searching of the references of included articles identified was also performed to identify other relevant studies. If the overlapping patient population was included in several studies, the latest study was included. If more than one geographical or ethnic population were included in one article, each population was considered separately. Two investigators (Wang W and Zhou MW) independently screened the information including the titles, abstracts and full texts to determine inclusion carefully. If the two reviewers disagreed with each other, a third reviewer (Zhang XL) may be sought.
Quality assessment
The qualities of included studies were assessed independently by the same two investigators using the Newcastle-Ottawa Scale (NOS) [22] . The NOS uses a 'star' rating system to judge quality based on 3 aspects of the study: selection, comparability, and exposure (case-control studies) or outcome (cohort studies). Scores were ranged from 0 star (worst) to 9 stars (best). Studies with a score of 7 stars or greater were considered to be of adequate quality. Disagreement was settled as described above.
Inclusion/Exclusion Criteria
The inclusion criteria were as follows: (1) studies on the relationship between Apo E e2/e3/e4 gene polymorphism and POAG; (2) case-control study using either a hospital-based or a population-based design (Studies were classified as populationbased if the controls were selected from the same source population as the case-patients, including the community and the general population. Studies using hospital-or clinic-based patients with other illnesses as controls and studies that used an unidentified healthy control group were considered hospitalbased.); (3) studies with full text articles; (4) sufficient data for estimating an odds ratio (OR) with 95% confidence interval (CI); and (5) not republished data. Studies were excluded if they were family studies; or published abstracts from meeting.
Data extraction
The same two reviewers independently extracted data, crosschecked, discussed all conflict, and reached consensus on all items. Following data were extracted from each study: first author's last name, publication date, population ethnicity, study design, study location, age, sex, methods of genotyping, number of cases and controls, and available allele and genotype frequencies information.
Statistical Analysis
Hardy-Weinberg equilibrium (HW-E, p,0.05 was considered significant) was assessed using the chi-squared test. The I 2 statistic was used to quantify the inconsistency between study estimates, and the Q statistic were used to formally test for heterogeneity (p,0.10 was considered representative of significant statistical heterogeneity). In this meta-analysis, a random-effects model was applied irrespective of between-study heterogeneity (DerSimonian & Laird). The association between Apo E polymorphism and POAG was estimated by calculating pooled odd ratios (ORs) and 95% CIs. The significance of the pooled OR was determined by Z test (P,0.05 was considered statistically significant). For allelic analysis, we examined the risk of POAG associated with e2 and e4 allele using e3 as the reference group. For genotypic analysis, we defined e3/e3 genotype as the reference group. The e2 carriers were defined as patients with the e2/e2 or e2/e3 genotype. The e4 carriers included patients with the e3/e4 and e4/e4 genotype. The e2 and e4 carriers were separately compared with the e3/e3 group. (The e2/e4 genotype was excluded in genotypic analysis). All statistical analyses were carried out by using the Stata 12.0 (Stata Corporation, College Station, TX, USA).
Sensitivity analysis
Subgroup analysis was used to investigate which factors (ethnicities, sources of controls, genotyping methods, HW-E or not, types of POAG) might contribute to the heterogeneity. Oneway sensitivity analyses were performed by iteratively removing one study at a time to assess the stability of the meta-analysis results. Cumulative meta-analysis was performed to evaluate the accumulation of evidence on the association between Apo E polymorphisms and POAG.
Publication bias
Publication bias was assessed using Begg's funnel plots and Egger's test. An asymmetric plot suggests a possible publication bias and the P value of Egger's test less than 0.05 was considered representative of statistically significant publication bias.
Results

Literature Search and Characteristics
The study selection process is detailed in Fig. 1 . The initial search strategy identified 203 studies. 184 were excluded (23 were duplicate studies, 159 were unrelated topic, two were letters), leaving 19 studies for full publication review. Of these, one article which contained overlapping data from the same patient source, 2 articles which absence of sufficient data for estimating OR and 95%CI, two article which were not about Apo E e2/e3/e4 gene, two article which were not about POAG, were excluded. Thus, 12 studies were included in the final meta-analysis, including 1916 cases and 1756 controls.
All studies were case-control in design. Table 1 shows the studies identified and their main characteristics. Among these studies, two studies were not in HW-E, one study was unavailable for performing HW-E test. The NOS results showed that the average score was 7.42 (range 7 to 9), indicating that the methodological quality was generally good. There were 7 studies of Caucasian and 5 studies of Asian. Controls were mainly healthy populations and non-glaucoma participants. Five studies were population-based and 7 were hospital-based. The cases of 2 studies were patients with NTG, 3 studies were patients with HTG. Seven studies were mixed patients, among of them, 3 studies provided data concerning HTG and 2 studies had enough data for NTG, allowing subtype specific meta-analysis. Therefore, six studies were combined for HTG subtype and four for NTG subtype. MOOSE checklist was generated to provide detailed description of this meta-analysis (Table S1 ). Genotype and allele distributions for each case-control study are shown in Table S2 .
Main results and subgroup analyses
Allelic analysis. Table 2 give the summary results for the association of the Apo E polymorphism with the risk of POAG based on allelic analysis. The overall random effects pooled OR of e2 versus e3 for POAG showed no statistical significance: OR = 0.98 (95% CI: 0.79-1.23, P(Z) = 0.0872) (shown in Figure S1 ). Modest heterogeneity was present among the 11 studies (I 2 = 30.6%, P(Q) = 0.155). For e4 versus e3, the results were also not statistically significant (shown in Figure S2 ). The summary OR was 1.05 (95% CI: 0.78-1.41; P(Z) = 0.743). The I 2 statistic indicated substantial between-study heterogeneity (I 2 = 70%, P(Q),0.001).
Considering the fact that ethnic differences, sources of the controls, fulfilling HW-E or not, genotyping method, or type of POAG might bias the overall association, we conducted separate analysis according to these factors. The pooled OR for e2 allele and e4 allele versus e3 allele were also not statistical significant in all subgroups. Genotypic analysis. Table 2 show the summary results for the association between the Apo E genotype and POAG. The pooled OR for e2 carriers and e4 carriers versus e3 carriers under the random effect model were 0.91 (95% CI: 0.66-1.25; P(Z) = 0.543) and 1.08 (95% CI: 0.74-1.57; P(Z) = 0.694), respectively (shown in Figure S3 and Figure S4 ). There was a substantial heterogeneity in both comparisons (e2 carriers versus e3 carriers: I 2 = 45%, P(Q) = 0.060; e4 carriers versus e3 carriers: I 2 = 71.6%, P(Q),0.001). There was no material change in OR for both polymorphisms in subgroup analysis. Moreover, subgroup analysis also revealed significant heterogeneity for most comparisons.
Sensitivity analysis and cumulative meta-analysis. After the deletion of any single study, the random-effect estimates were not changed substantially, suggesting a high stability of the metaanalysis results. A cumulative meta-analysis based on sample size showed that the pooled OR remained centered on 1 with increasing sample size, indicating that Apo E e2 and e4 were unlikely risk variants for POAG (The data is not shown but is available on request.).
Publication Bias. Publication bias were qualitatively assessed by Begg's funnel plot and quantitatively assessed by Egger's test. Neither Begg's funnel plot nor Egger's test detected obvious evidence of publication bias n relation to allele or genotype. (shown in Figure S5 ).
Discussion
The pathogenesis of POAG is complex and genetic factor play a important role in POAG susceptibility. An increasing number of articles on genetic association studies, genome-wide association studies (GWASs), and relate meta-analyses have been published to clarify the association between gene polymorphisms and POAG [23, 24] . To the authors' knowledge, this is the first meta-analysis investigating the association between Apo E e2/e3/e4 polymorphisms and POAG. However, no significant association was found between Apo E polymorphisms and POAG after merging the results from 12 case-control studies. In subgroup analysis, associations between Apo E polymorphisms and POAG were also negative, although the number of articles included in this metaanalysis was limited.
Apo E is the major apolipoprotein of the central nervous system, where it is synthesized by glia, macrophages, and neurons [25] . In the rat eye, Apo E has been demonstrated to be synthesised by Muller cells, and secreted into the vitreous, where lipoproteins are assembled [26] . Apo E is absorbed by the ganglion cells (RGC), transported down the optic nerve, and may have a role in axonal nutrition [27] . There is a considerable body of evidence to show that Apo E genotype affects vulnerability of neurons to ischemia, survival and recovery after head injury, as well as its role in Alzheimer's disease [28] . Possession of the e4 allele was shown to be associated with a reduced outcome after traumatic head injury and increased risk of earlier development of Alzheimer's disease [29] . Several case-control studies have investigated the association between Apo E polymorphism and risks of POAG. Some of them showed positive results, while others found no association. There are also some studies demonstrated that common polymorphisms in MYOC, OPTN, and Apo E might interactively contribute to POAG. Fan et al [18] observed that Apo E e2/e3/e4 interact with OPTN Arg545Gln and MYOC -83G/A. Jia et al [15] identified another interactions between MYOC -83G.A and Apo E e2/e3/ e4. However, neither allele frequency nor genotype distribution was significantly associated with susceptibility to POAG in this meta-anlysis.
Heterogeneity is a potential problem that may affect the interpretation of the results. In our meta-analysis, significant heterogeneity was detected in some comparisons. To eliminate heterogeneity, we carried out subgroup analysis and used a random-effects model to pool the results whenever significant heterogeneity was present. Although the publication bias was maximally avoided, presence of between-study heterogeneity could not be fully explained by our subgroup analysis. It is unclear what factors contribute to the conflicting results reported in these studies. We speculate that several factors account for heterogeneity. Firstly, the diversity in the population characteristics may account for it. Different populations have different genetic backgrounds, which contribute to genetic heterogeneity. Secondly, environmental exposures and diet might play roles in these differences as well [30, 31] . In addition, some unpublished, eligible publications were not available in the present meta-analysis, which might affect the results. Thus, the results should be considered with caution, and in the future, more studies should be performed to assess these results.
Genome-wide association studies (GWAS) are a powerful tool for the identification of genetic risk factors for complex disease. POAG genetics has been the subject of several large scale GWAS in the past several years, and none has implicated Apo E [32, 33, 34, 35, 36, 37, 38] . Consistent with these studies, despite being an attractive candidate gene, our meta-analysis results do not support Apo E e2/e3/e4 to have a major effect to POAG susceptibility.
However, caution should be made when interpreting the results due to some limitations of this study. Firstly, POAG is a multifactorial disease that results from complex interactions between various genetic and environmental factors. Our results were based on unadjusted estimates, data were not stratified by other factors such as gender status, major systemic illness and family history, because sufficient information could not be extracted from the original studies. Secondly, this meta-analysis was limited by the number of cases and controls as well as small sample size, especially in subgroup analysis. However, given the available sample sizes and data, the study had 79% power to show a statistically association. This suggests that increasing the sample size would not change current results. All the included studies were carried out in Asians and Caucasians. Thus, the results may be applicable to these ethnic populations only. Thirdly, controls were not uniformly defined. This study is a meta-analysis of case-control studies, only 5 were population-based. Thus, some inevitable selection bias might exist in the results, and they may not be representative of the general population. Fouthly, all included studies were case-control design, which precludes further comments on cause-effect relationship. The results of long-term prospective, designed for the investigation of gene-gene and gene-environment interactions, in different ethnicity subgroups might produce more conclusive claims about the association between Apo E and POAG. Despite of these limitations, this study also has some advantages. First, it provides pooled data on a substantial number of cases and controls for better understanding the association between Apo E polymorphism and POAG. In addition, the methodological issues for meta-analysis, such as, heterogeneity, publication bias, and stability of results were all well investigated.
In conclusion, despite the limitation, this meta-analysis suggests that Apo E e2/e3/e4 polymorphisms may not be associated with the risk of POAG. However, to reach a definitive conclusion, welldesigned studies with larger sample size and more ethnic groups should be considered to further clarify the association. Moreover, gene-gene and gene-environment interactions studies should also be considered in future studies. Author Contributions
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